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The  Wildlife  Research  Lahoratory  has 
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.f  their  findings,  toese  studies  have  strongly  located  *  ' 

mortality  to  be  the  contamination  of  three  artificial  l<*e« 

produced  by  a  chemical  pitot. 

in  1952,  field  tod  laboratory  studle.  of  the  « 

vere  conducted  by  Mr.  George  W.  Sclple,  biologist  of  the  Uldl 
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dated.  Kay  28,  1952,  va s  submitted  to  the  Conmanding  Officer,  Rocky 
Itountain  Arsenal]  the  Julius  flyman  Co.,  Rocky  Mountain  Arsenal;  the 
Colorado  Department  of  Came  and  Fish;  and  the  U.  8.  Food  and  Drug 
Administration,  Denver. 

In  1955,  additional  field  observation*  vere  made  by  biologists 
of  the  Wildlife  Research  laboratory,  end  bioassays  and  chemical  analyses 
of  tissues  were  performed  by  the  Communicable  Disease  Center, 

Savannah,  Ceorgia.  These  analyses  showed  that  fat  and  liver  of  a  dead 
duck  from  the  Arsenal  contained  large  concentrations  of  dieldria.  A 
report  veil  summarising  the  history  and  earlier  findings  vas  prepared  by 
:  tr.  Wayne  I.  Jansen  and  submitted  to  the  Director,  Fish  and  Wildlife 
■  Service,  on  December  2,  1955* 

A  In  April  195 9,  the  Wildlife  Research  laboratory,  which  had 

recently  acquired  the  necessary  equipment  and  personnel  to  perform 
chemical  analyses  of  insecticide  residues,  again  undertook  study  of  the 
mortality  problem  at  the  Arsenal.  The  vritar  and  others  made  field  obser¬ 
vations  and  collected  samples  of  dead  birds,  water,  mud,  and  vegetation  for 
laboratory  analysis.  The  results  of  these  1959  investigations  form  the 
basis  of  this  report. 

Extent  of  Mortality 

nearly  all  of  the  waterfowl  mortality  has  been  associated  with  a 
series  of  three  lakes  south  of  the  Shell  Chemical  Company  plant  area.  These 
reservoirs— Upper  Derby,  Lower  Derby,  and  iadora  lakes— are  used  for  storage 
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i 
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and  recycling  of  cooling  water  In  the  chemical  plant.  In  addition  to 
waterfowl,  dead  phoasanta,  aonghlrde,  muskrat*,  rahhlts,  and  frogs  have 

teen  seen  on  endioaar  the  ihorea  of  these  lakes* 

The  numbers  of  vaterfovl  that  hare  been  hilled  are  difficult  to 

estimate  because  of  the  transient  and  constantly  changing  nature  of  the 
migratory  duck  population.  large  numbers  of  birds  that  hare  ociuln* 

Oases  of  toxicant  from  the  Arsenal  could  hare  fl*vn  on  to  sicken  and  die 
elsewhere.  Therefore,  counts  of  birds  found  dead  sround  the  three  lakes 
represent  the  minimum  losses  end  proride  a  basis  for  rough  estimates  of 

additional  mortality. 

On  April  IT,  1959.  recently  dead  bird*  end  snimaln  voro  counted 
around  the  shore  of  tednra  late  end  along  the  canal  that  skirts  the  north 
side  of  the  Into.  A  total  of  119  dead  bird,  and  animal*  vare  .con,  Including 
94  ducks  of  9  specie*,  6  coots,  2  pheasants,  7  muskrats,  4  rabbits,  and  6 
frog*.  If  the  94  ducks  all  died  within  the  preceding  week,  and  if  thia 
mortality  rate  vaa  typical  for  the  4-month  period,  January-Aprll,  the  losses 
for  this  period  -odd  bo  approximately  1,500  ducks  around  Xadora  late  alone. 

During  this  same  period  an  employe,  of  the  Shell  Chemical  Company 
was  assigned  the  task  of  periodically  gathering  up  deed  ducks  end  burying 
them.  From  conversation  with  this  man  it  was  estimated  that  he  may  have 
gathered  20  gunny  seek,  of  ducks,'  25  birds  to  a  sack,  or  a  total  of  500 
ducks  In  the  first  3  months  of  1959-  It  vas  obvious  In  April  that  large 
numbers  of  ducks  had  not  been  collected  for  disposal. 
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In  a  jrcvlcws  year,  It  i.  understood,  a  pile  of  about  600  4aad 

duefax  was  collected  at  one  time  and  photographed. 

Ifr.  George  Sclple  in  hia  report  estimated  losses  of  roughly  1,200 

ducks  during  the  period  of  his  study  (spring  of  1952)  • 

From  the  above  lines  of  evidence,  2,000  duties  per  year  might  he 

a  conservative  estimate  of  total  duck  mortality  on  and  off  the  area  from 
toxio  contamination  of  these  three  lakes.  Over  the  past  10  years  that  this 
problem  has  existed,  cumulative  losses  may  have  been  20,000  or  more  ducks. 

geology  of  the  I&kes 

Upper  Derby,  Lower  Derby,  and  Iadora  lakes  are  artificial  Impound¬ 
ments  of  run-off  and  irrigation  water  that  is  recycled  through  the  chemical 
plant  for  cooling  purposes.  D^ks  wintering  in  the  Denver  area  are  attracted 
to  these  lakes  by  the  ice-free  condition  of  the  relatively  vara  water.  The 
basins  aro  shallow  with  mud  bottoms,  firing  summer  the  lakes  are  ordinarily 
full  and  waterfowl  mortality  is  low.  In  fall  and  winter  the  water  level  drops 
progressively  until  most  of  the  areas  of  lake  bottom  are  exposed  as  mud  flats. 
High  mortality  of  wildlife  in  and  around  the  lakes  seems  to  occur  only  at 
tines  when  extensive  mud  flats  are  exposed.  In  April  1959,  vhan  counts  of 
casualties  were  made,  Iadora  lake  was  low  but  still  of  fairly  large  area. 

Most  of  the  live  ducks  were 'then  on  Iadora  Lake.  lower  Derby  was  reduced 
to  a  small  fraction  of  its  former  area,  and  Upper  Derby  was  little  more 
than  a  small  pond  into  which  a  narrow  channel  of  water  from  the  plant  effluent 
canal  led  across  an  expanse  of  mud  flats.  The  channel  of  water  flowing  through 


th,  h*i  of  SWOT  Iadora  tat.  (save  off  a  noticeable  chemical  odor  that,  after 
atout  a  half  tour,  became  Increasingly  onplaasent.  B»  ‘ma  odor  vaa  hotlced 
in  the  chemical  plant  area.  W»n  the  three  late.  vere  filled  In  Hay  vlth 
vater  Aon  the  Highline  Canal,  duet  mortality  dropped  and  van  no  longer  In 

ovldonsde 

It  vaa  ohrloua  from  oaaual  lnapoetlon  that  the  ecology  of  the  leiea 
1.  sroaaly  out  of  halenee.  Agnatic  life  In  lador.  vaa  greatly  taporerlahed 
end  procresalvely  vers.  w  Inspection  proceeded  up  the  drainage  to  lover 
Derby  and  Upper  Derby  1st...  Only  a  fee  bind,  of  vater  planta  vere  preaent, 
SOd  theoe  such  aa  cattalla,  aago  pondveed,  and  filamentous  algae  grev  In 
tone  beds.  The  rod  flat  of  Upper  Derby  late  vaa  carpeted  with  a  mat  of 
drlod  aago  poadvood  and  filamentous  algae.  Bootstocts  of  cattalla  In  Upper 
and  lover  Derby  appeared  deed,  but  around  tadora  late  a  belt  or  cattalla  van 

putting  out  new  groan  leaven. 

m  19W  and  earlier  there  vere  fish  In  ladora  late,  and  convalescent 
patient,  at  Pltaslmons  Hospital  enjoyed  fishing  there.  X  have  made  no  effort 
to  catch  fish  in  any  of  the  late,  but  have  been  told  by  person,  vho  have 
observed  the  aree  for  many  years  that  fish  are  no  longer  present.  In  April 
sod  ts«y,  vhen  frog  choruses  oould  be  heard  In  nearly  all  ponds  and  ditches 
outside  the  Arsenal,  laboratory  biologist,  heard  and  sav  none  at  the  three 
nor  could  ve  find  any  egg  masaee  or  tadpoles.  Ecvever,  a  fev  dead 
progs  and  one  dead  tiger  salamander  vere  seen.  Agnatic  Insect,  and  spider, 
vere  almost  completely  absent  from  the  three  late.  In  April  and  May.  live 
agnatic  snails  vers  present  In  all  three  lahes  and  extremely  abundant  In 
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Upp<jr  Larby.  Kaasei  of  dead  snail  sheila,  as  •will  as  abundant  live  snails, 
had  acclaim!  ate  a  in  the  pond  around  the  outlet  through  Upper  Derby  dan. 
Dlaldrln  has  been  previously  reported  to  hill  fish  but  have  no  harmful  effect 
on  .mails  in  a  salt  marsh  (Harrington  and  Bidllngaayer,  1958)  •  Ho  effort 
vaa  to  collect  fresh-vater  plankton,  but  svams  of  tiny  red  crustaceans 

voro  seen  cviiaihing  among  masses  of  algae  in  the  channel  belov  the  inlet  of 
Upper  Derby  Lake. 

Eio^nflaya  vith  Tadpoles 

Having  observed  the  absence  of  frog  reproduction  in  ladora.  Lover 
Derby#  and  Upper  Derby  lakes,  simple  bioassay  experiments  vert  conducted 
using  tadpoles  of  the  leopard  frog  and  the  chorus  frog,  the  two  least  abundant 
species  in  the  Denver  area.  Three  test  aquaria  and  one  control  aquarium  vere 
set  Up  to  tost  effects  of  contaminated  mud,  algae,  and  lake  water.  In  one 
test  25  tadpoles  vere  kept  in  uawntandnated  pond  vater  to  vhich  mud  from 
Upper  Darby  Lake  had  been  added.  They  vert  fed  algae  from  an  uncontaminated 
pond.  Eleven  days  after  start  of  the  test  all  tadpoles  were  dead. 

In  another  test  kz  tadpoles  vere  kept  in  uncontaminated  pond  vater 
•with  no  aud  end  fed  on  algo*  from  Upper  Derby  Lake.  Twelve  days  after  start 

Of  this  test  all  tadpoles  vere  dead. 

In  the  third  test  50  tadpoles  vere  kept  in  vater  from  Upper  Derby 

Lake  vith  no  mud  and  fed  on  algae  from  an  uncontcainated  pond.  Vi  thin 
2  weeks  12  had  died,  and  ^9  days  after  start  of  the  test  all  50  tadpoles 
were  dead. 

In  the  control  aquarium  66  tadpoles  vere  kept  in  uncontaminated 
pond  vater  without  mud  end  fed  on  algae  from  an  uncontaminated  pond. 

Within  2  veeks  k  tadpoles  had  died,  end  51  days  after  start  of  the  control 
all  tadpoles  had  died.  Survival  of  tadpoles  in  the  control  vas  not  good 
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bacause  of  the  small  askeahift  nature  of  the  aquarium,  vhlch  could  not  "be 
aarated,  and  in  vhich  the  only  naans  of  removing  waste  products  vaa  by 
replacement  of  vater. 

Crude  though  the  bioassay  teste  verc,  they  shoved  that  the 
survival  of  tadpoles  in  voter  alone  froa  Upper  Derby  Lake  voe  alnost  a* 
good  as  survival  in  the  control  water*  However,  algae  froa  Upper  Derby 
is  sufficiently  tonic  to  kill  tadpoles  vithin  2  weeks,  end  mud  alone 
frea  Upper  Derby  lake  also  can  kill  tadpoles  vithin  2  veeks. 

Chcaical  Analyses 

Twenty  snap  las  taken  froa  Upper  Derby,  Inver  Derby,  and  Indore 
:  .Ulna  between  April  20  and  May  1959,  *  period  of  low  vater,  were 
ethnically  analysed  for  chlorinated  hydrocarbon  insecticides  at  the 
Wildlife  Research  Laboratory.  Results  of  the  analyses  are  presented  in 
Table  1.  The  source  of  each  sample  is  indicated  by  Arabic  numerals  on  the 
accompanying  asp  that  refer  to  the  sane  numerals  in  the  table . 

The  samples  analyzed  include  three  ducks  picked  up  dead  at  Iadora 
Lake,  aquatic  vegetation  froa  Upper  Derby  Lake,  vater  and  foaa  fraa  Upper 
end  lover  Derby  Lakes,  and  aud  froa  all  three  lakes. 

Dearly  all  samples  contained  measurable  amounts  of  aldrin  or  dieldrin, 
and  nearly  h*lf  the  camples  contained  other  unidentified  chlorinated  hydro¬ 
carbons.  The  mounts  measured  varied  greatly  between  the  samples.  The 
absence  of  detectable  anvsunts  of  aldrin  (in,  the  bird  samples  is  not  unusual 
because  most  of  the  aldrin  entering  animal  tissues  is  converted  and  retained 
in  the  fora  of  dieldrin.  All  three  ducks  analyzed  contained  appreciable 
residues  of  dieldrin.  A  composite  eompLe  from  tvo  of  the  ducks  (392^ 


3925)  vas  analyzed  in  the  Laboratory  using  the  infrared  spectrophotometric 

aatfcod,  vhich  confirmed  tha  presence  of  dieldrin. 

Little  information  is  available  concerning  the  acute  and  chronic 
texioities  of  aldrin  and  dieldrin  to  ducks  and  the  amounts  of  these  Materials 
ihat  nay  be  accumulated  in  duck  tissues  before  death,  or  that  nay  be  stored 
itii1!  tolerated  vithout  harm. 

jCoadel  has  reported  mortality  of  Juvenile  and  adult  ducks  on  a  lake 
in  Uorth  Dakota  that  vas  sprayed  vith  2  oz.  of  aldrin  in  oil  p«r  acre 
(i;udd  sad  Cenelly,  195^)*  I*  Wyoming,  one  merganser  on  a  snail  reservoir 
sprayed  vith  the  same  amount  of  aldrin  in  oil  died  vithin  2  days.  Tissue 
$n?iy*es  of  this  duck  revealed  31  P!P*  a^l5r*il  l11  br8jja/  ^  ^  ^ 

kidney,  and  V  pp»  in  tha  liver  (Post,  1$52). 

In  experiments  vith  pintails,  200  ppn  of  dieldrin  in  the  diet 

resulted  in  a  50  percent  loss  in  1  month  (Rudd  and  Cenelly,  o*.  cit.) 
Experimental  sprays  approximating  field  application  rates  of  0.5,  1.0, 
and  1.5  lbs,  per  acre  did  not  seen  to  harm  ducks.  Skis  formulation  vas 
presumably  in  vater.  An  actual  field  application  of  0.5  Its.  of  dieldrin 
par  acre  resulted  in  the  loss  of  at  least  20  mallards  and  6  coots. 

The  lov  content  of  aldrin  and  dieldrin  in  the  vater  entering 
Upper  Derby  Lake  from  the  plant  effluent  canal  is  indicative  of  the  extremely 
low  solubility  of  these  compounds.  Much  greater  amounts  are  carried  by 
foam  and  other  suspended  organic  matter.  Aldrin  and  dieldrin  molecules 
are  readily  adsorbed  by  mud  particles,  and  the  tremendous  surface  of  all 
these  particles  acts  an  a  great  reservoir  holding  lerge  quantities  of 
insecticide  for  long  periods  after  their  influx  has  ceased. 
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^  Derby  are  very  heavily  loaded  vith  dleldrin  («0  ^ 
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ftf  -the  three  lakes  have  oeccmo 

__  t  eMull  the  chemical  plant  end  that  the  mud, 

the  lahee  by  the  errluent  canal  rrom  tn 

MmMts  of  the  toxicants  to  tne 

"i  ,  m  xjmjk  reloasas  antaH 

over  a  lon€  period  of  timer  rev*** 

vater  and  living  ors&aisms. 
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4-  lmr-l  IS  low  and  nud  bottoms  are  exposed.  Tk 
end  epring  vben  the  vater  level  is  lov  and 

do  not  support  rish,  «MtUc,  or  agnatic  insmts.  it 

**  losses  cr  vnterrovl  alone  ^  to  2.000  or  more  birds  per  year. 

,  .  M  *.  vater,  and  mud  samples  shoved 

Chemical  analyses  of  dead  birds. 

Large  amounts  of  these  chemicals 
the  presence  of  aldxin  Wor  dielcrin.  Uxb 

,  -.-tioularly  near  the  inlet  canal  outlet 
have  accumulated  in  the  mud,  partic  ,  .taldrin 

.  ,  _..j  „ nf  aldrin  and  dielurm 

of  Upper  Derby  Lake.  Altbou^  data  on  the  toxic 
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to  ducks  Is  Halted,  the  considerable  amounts  of  dieldrln  In  the  docks 
analysed  support  the  conclusion  that  they  vore  killed  by  aldrin  or  dieldrin 
or  both. 
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